Recent studies on the kinetic aspects of cell division have progres sively been establishing the continuous existence of a close functional relation between the nucleus and the cytoplasm.
Especially modern interest has been concerned with the function of the spindle body, centrosome, astral rays, and some other cellular components in relation to the mechanism of cell division, and many new findings have been announced in this field by recent cytologists.
While earlier investiga tions have demonstrated that mitochondria are practically omnipresent in animal cells, the significance and role of this remarkable cytoplasmic component in the course of cell division has not been clearly defined as yet from the kinetic viewpoint.
Included in this early work there were a few studies on the mitochondria during cell division, and the most generally accepted hypothesis is that mitochondria play an im portant role in cellular metabolism (Dalton 1951) . Cowdry (1914) found no significant changes in the number of mitochondria during cell divi sion in embryonic cells. Later workers on the chemical characteriza tion of mitochondria give evidence that mitochondria are apparently the sole carriers of certain enzymes (Hogeboom, Schneider & Pallade 1948 , Kennedy & Lehninger 1948 , Tsujita 1948a .
Other authors em phasize that mitochondria are concerned with oxidation and reduction phenomena in the cytoplasm (Meisel 1945 , Tsujita 1948b , or that they are closely connected with secretory activity of the cell (Appregarth & Koneff 1946 
1) Behaviour of the mitochondria during the course of cell division in the untreated material
At metaphase, the primary spermatocyte contains large amounts of mitochondria which are short thread-like and fragmental in appearance; they are distributed in irregular manner being scattered throughout the cytoplasm without showing definite orientation (Fig. 1 ). Especially they are observed gathering around the equatorial plate.
At this stage the mitochondria show rather less sharp contrast from the cytoplasm than they do in the later stages.
At the onset of anaphase, the mitochondria begin to take definite orientation in arrangement; they rearrange themselves so as to lie with their long axis nearly parallel to the spindle axis. With the separation of chromosomes in anaphase, the cell body elongates along the spindle axis. The mitochondria also arrange them selves longitudinally parallel to the long axis of the cell body, being collected into a few bundles (Figs. 4-5 ). Then they migrate towardss the poles along the spindle body in the form of bundles, simultane ously with the separation of chromosomes.
At telophase when each of the separated daughter chromosomes has reached the opposite poles, the mitochondrial bundles remain stretching like bridges between the two reconstructing telophase nuclei (Fig. 5) . The completion of the telophase nuclei is followed by the appearance of the cleavage furrow in the middle part of the cell body. The formation of the cleavage furrow always takes place across the middle part of the mitochondrial 2) Behavior of the mitochondria in the caffeine-treated material during cell-division As already mentioned, 0.02-0.05cc. of 1% caffeine solution dissolved in glucose solution were injected in the abdominal body of the grass hopper previous to the microscopical examination.
The examination of the material which had received caffeine injection under microscope revealed various kinds of mitotic abnormalities of primary spermatocytes in different degrees.
In the injected condition degree of the concentra tion of the caffeine solution is probably not definite in the body fluid of the grasshopper.
This probably causes the production of mitotic abnormalities in respect to both various kinds and different grades.
In the extreme case, all the chromosomes at metaphase were found to show no orientation, being scattered irregularly in the cytoplasm. It seems probable that the function of the spindle is disturbed, so that the chromosome behavior become extremely irregular, resulting in a complete failure to separate.
But, in the case when the influence of caffeine seems not very serious, the chromosomes appear at metaphase with rather regular features.
The majority of such cells proceed to ana phase, but the migration of chromosomes to the poles showed disturbance to a considerable degree. The two daughter nuclei were formed fre quently being close together in position (Figs. 7-10, 25 ). In the other case, stickiness of chromosomes was induced by the drug which caused the incomplete anaphase separation of chromosomes.
This resulted in the formation of the restitution-nucleus (19) (20) (21) (22) .
In every case of the abnormalities of the chromosome behavior as above described, however, both the activity and behavior of the mitochondria seem to unaffected. In other words, the mitochondria appear to follow their own regular behavior during cell division, with out being influenced by the induced abnormal behavior of chromosomes. Through the stages from metaphase to anaphase, the mitochondrial elements rearranged themselves into bundles as seen in the untreated material, showing characteristic orientation along the spindle body. Then they elongated simultaneously with the partial elongation of the cell body, as seen in the telophase cell of the untreated material.
The constricting furrow next appeared to form always across the middle part of the mitochondrial bundle ( Fig. 10-12, 16-18 3) Behavior of the mitochondria in the acriflavine-treated material during cell division
In the material which had received 0.05% acriflavine injection, the majority of germ cells were observed to complete their course of divi sion and a few showed stickiness of chromosomes in the anaphase stage.
After the treatment with 0.2% acriflavine solution, germ cells displayed various kinds of mitotic abnormalities in different degree, as was the case with the caffeine treatment.
On the whole, the effect of acriflavine on the behavior of chromosomes approaches that of caf feine: The abnormal figures here produced were nearly similar to those produced by caffeine, though the influence upon chromosomes seems to be a little more intense in the acriflavine treatment than in the caf feine. Nevertheless, the mitochondria are capable of maintaining their characteristic behavior. For examples, Figs. 29 to 34 are successive stages of the abnormal division induced by acriflavine observed in one and the same spermatocyte; the chromosomes failed to migrate to the poles, due probably to stickiness of chromosomes, while the mitochon drial bundles elongated in the same manner as the regular anaphasic spindle, and the cleavage furrow was formed across the middle parts of the mitochondrial bundles (Figs. 32-34) . Then an anucleated cyto plasmic bud was cleft out of the mother cells (Fig. 34) . Figs. 35 to 40 also show successive stages of induced abnormal division in a single spermatocyte, in which the formation of two non-nucleated cytoplasmic buds are depicted.
In this case too, the formation of the cleavage furrow took place across the middle parts of the elongated mitochon drial bundles (Fig. 40) connection with the differrentiation of surface-tension of the cytoplasmic surface between the pole and the equator. Belar (1929) accepted this conception in explaining the related phenomenon in the grasshopper spermatocytes.
Chambers ( 1919) proposed the view that the cleavage results from the gelation of asters.
This view was supported by Gray (1924) and some others from the results from experiments with sea urchin eggs.
According to Marsland (1938 Marsland ( , 1939 and Chambers (1938) , who worked with sea-urchin eggs, the cleavage furrow results from the intrusion upon the mitotic axis of a specialized cortical layer of gelated protoplasm, which may be compared with the plasmagel layer of amoeboid cells.
Recently His (1949) , in some experimental studies with grasshopper spermatocytes presented interesting evidence on the relation of spindle elongation to cytoplasmic division.
According to him, when the spindle does not elongate normally, the cleavage furrow is always delayed or does not appear at all. He observed the formation of cleavage furrow with no nuclear division in living cell after X-radiation, and stated that this abnormality is attributable to abnormal spindle elongation caused by chromosome stickiness.
These results lead him to conclude that the formation of cleavage furrow is dependent upon cell elongation caused by the stretching of the spindle. Dan, K. (1943) and Dan, J. C. (1948) , basing their views on the results from their studies of fresh marine eggs, considered that the astral rays serve as guy ropes which exert a pull on the sub-polar and equatorial surfaces of egg cortex in such a way as to induce the clea vage furrow. The results of the present experiments indicate that the division of the cell body may be independent of the nuclear division, in the cases of either caffeine or acriflavine treatments.
The studies on the induced abnormal divisions lead to the conclusion that the failure of migration of separated chromosomes to the poles is probably due to the defect of chromosomal potency, or else to the spindle disturbance, but not necessarily to stickiness of chromosomes.
Chromosome stickiness at anaphase was often met with in the material which received caf feine injection.
But it was not always concerned with the failure of migration of separated chromosomes, and the latter pass incompletely 
